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(54) Detectable polymers and methods for detecting polymers in aqueous systems 



(57) Polymers having amine-thiol terminal moieties 
are provided The amine-thiol terminal moieties are im- 
parted by using amine-thiols as chain transfer agents in 
aqueous addition polymerizations 

The polymers are useful as mineral dispersants. as 



water-treatment additives for bo ler waters cooling tow- 
ers, reverse osmosis appLcatiors. sugar reltnmg paper 
procuction. geotnermal processes and oil wells, and as 
detergent addit'ves acting as builders, anti-filming 
agents, dispersants, sequestering agents and encrus- 
tation inhibitors 
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Description 
BACKGROUND 

The present inventor is ci reeled to detectable polymers and rrotl ods for detecting poly mer s n aqueous sy stores 
in particuia f no present invent on concerns watc -soluble poiymcrs c entwining a pendant amine group capable o- 
reacting with amino -reactive labels 

Water-soluble polymers are used in many aqueous systems for example as mineral disporsants as water -treat- 
ment additives for boiler waters cooling towers reverse osnosis applications sugar reining parser production goo- 
thermal processes and oil wells anc as detergent acditives acting as builders anti-filming agents dispersants se- 
questering agents and encrustation inhibitors In many of those aqueous systems it is desiraole ro know the ovel o' 
polynor in the system However the level of active polymer is no* snrpy a fu net on of how much poymo has ooor 
added The polymer may have adhered to a surface or may have flocculated out with sediment, or :he polymer itse'f 
may nave decomposed Because polymers generally adc ccst to processes employing ihem it is desirable to be able 
to use them efficiently 

One of the problems associated with detecting polymers in aqueous systems is that the polymers are generally 
present at very low levels from 500 aown to less than b parts per million (ppm'i. Another problem associated with 
detecting polymers m aqueous solutions -s that the detection methods frecuently lack selectivity and may give false 
results for components of :hc aqueous system other than polymers 

One attempt at overcoming these prooiems lias been to use in conjunction with the: polymer a tracer compound 
Ttie assumption oc ind this approach is that the hacer compound will be oresent in the aqueous -ystem a: a level 
prooortional to the love of the polymer \ towever this assumption is undermined by the fact that the fate ef the tracer 
compound and the fate ot the polymer in tne- aqjeous system may di f ter 

Another approach to overcoming tnesc problems is to incorporate into the oolymer a detectable mc-ieiy This has 
been accomplished, for example by using a fluorescent monomer in preparing the polymer This approach has the 
drawback of addibonal processing steps in preparing the fluorescent monomer. Also the presence of the 'luorescont 
moiety, which is usually a fairly bulky hydrophific group may interfere witn the performanccSThara:toristies of the 
resulting polymer For example many water treatment polymers have mioecjla-- weights below 1 0 000 :nc attachment 
of a fluorescent moiety can he a significant percentage of that which ran affec* the function of the poymrr 

U S 5 171 450 attempted to overcome these problems by recognizing that amine-ccntaming dyes and amine- 
containing 'luorescent compounds can be used with conventional water-treatment polymers which contain functional 
groups of carboxylic ac ids or amides The amine-containing dyes or fluorescent compounds can be attached to these 
polymers via a transanimation reaction to create labe:ed or "tagged" polymers. These lagged polymers can be used 
and detected in aqueous systems The drawbacks to this approach are that (1 ) the attachment of the fluorescent label 
may not be quantitabve and (2) the presence of the label may interfere with the functioning of the po ymer in 'he aqueous 
system 

The present invention overcomes the above proolems by providing on tne polymer not a detectab'e label but 
instead a site for the attachment of one the label being attached during a reaction invo ving just a sample of the eolym: r 
removed fcr analysis In this way the label is never attached to any polymer actually resid.ng in the aqueous system 
in which it is being used 

STATEMENT OF INVENTION 

Thus the presort invention provides in a first aspect a polymer capable of detect on by color imetric or 'leonmctiic 
techniques compns ng at least one moiety containing a pendant amine group to which s attached an amino-mactiYO 
detectable label 

In a further aspect the invention provides a method for detecting a polymer in ar aqueous system ccmpnsing 

U puoi to addition to the aqueous system i eactinc tire polymer so that it comprises at least one moiety containing 
a pendant amine grouo. 

i ) removing a sample of the aqueous system containing the polymer and adding a detectable label reactive with 
amines 

i p. mainta ning the sample under such cend tions that the detestaole label reacts with tne pendant amino grouo tc 
become attached to the polymer and 

iv) detecting the label 
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Anrthr f aspect ol tno inversion comprises the use of an amme-'cactivo detectable label which is attached to a 
pendant nrnmr o/oup on a poiymof sample after removal nl sa,d sample from the polymer to provide rolonmoPie or 

fi, or.memc ao-cetabilitv to the polymer 

Thus it is pendant amine functionality that provides tno situ to which can bo attached the labt I during ana ysis 
Tno pendant .in, no moiety is not reared on every monomer unit in the polymer the mold' ratio of mDiety containing 
a oondant amine qicup to other nonomo in the polymer (excluding the detectable label) may range from i 3 to 1 30s 
mom usually horn 1 5 to 1 1 03 

DETAILED DESCRIPTION 

A suitable method for imparting a pendant amine functionality to a polymer is to use a monomer contain ng a 
per dant amine fund onalitv Suitable monomer s containing a pendant amine functionality include 2-amir loethylac rylato 
2-ammocthyln,ethaciylatc' 2-am,nocthylacrylamide 2-ammoetnylmethacrylamide. and homologues such as amino- 
propvhmeth)a;ry amide Latent amines such as vmylfor mamice may also be used Wnon a monomer conla-ning a 
pendant ammo functionality is used the resulting polymer may contain one or mere pendant amine groups 

Preterablv the pendant amine t unchonal ty which -s imparted to the polymer is a terminal pendant amine function- 
al iv iormmal cendart amine functionality can be imparted tc a polymer by using one or more comoounds which when 
they function as i chain transfer agent have a pendant amino group Prefcrrec compounds for imparting termmal 
amine functionality are amine-thiols 

Amine-thiols are compounds which coniain. ui mosu wi ml- 1 1 ui iut.a the conditions of the polymer u-atien w:,, contain 
one oi more -mine yiuups (-NF^R.) whuium R, and R 2 aie each independently selected fiorn hyd-ogeu and alkyl 
groups having from one to four carbon atoms: ana one or more thiol groups (-Stir Preferably, the amine group .s a 
primary amine (-Nr U) The amine-thiols suitable lor the present invention are capable of functioning as a chain transfer 
agent (or aqueous addition polymen/at.or s thereby imparting an amine-sulfide term na moiety to the polymer cnam. 
The amine suihdc moiety is the residue of the ammc-th.ol resulting from the attachment of the sulf u' group of the amine- 
thiol to tno polymer chain 

Ammo-thols suitable tor imparting terminal amine iunctionality .ncludc amino acids containing one or more amines 
and one or mere thiols; derivatives, peptides and polypeptides of amino acids containing one or more amines and one 
or more thiols derivatives peptides and polypeptides of ammo acids containing one or more thiols and one or mere 
protected ammos wherein the protecting group is capable of being removed and aminoalkyl miols A suitable ammo 
acid ,s for example cysteine ("Cys") Suitable derivatives of amino acids containing one or more amines and one or 
more miols are. f^r example N-alkyl and N N-dialkyl substituted ammo acids wherein the alkyl groups each contain 
from one to four -arbon atoms A suitable polypeptide of an amino acid containing one or more aminos and one or 
more th.ols is foi example glutathione ("Glu"). A suitable cerivative of an amine acid containing one or more thiols 
and one or more protected amines wherein the protecting group is capable of being removed is, lor example N-acyl 
cysteine ("N-Ac") in addition, cystine may be used m the present invention under polymerization conditions which 
cause the cystine to cleave at the sulfur-sulfur bcrnd to torm at least one cysteine molecule Suitable aminoalkyl thiols 
are for example as small as aminoethane th.ol ("AET'). but it is preferred that the aminoalkyl tniols have at least three 
carbons Other suitable am;ncalkyl thio.s arc for example N-alkyl and N.N-dialkyl substituted aminoalkyl thiols wnercm 
the alkyl groups each contain from one to four carbon atoms such as. for example N-butylam noethanethiol N N- 
divth/lamiroi thanell nol and salts thereof The one or more amine-thiols a'O generally used m ar amount concsoond rig 
to ■! nola: mho of tno one Of moie monomers to the one or more amino-thiols ol from about 3 1 tc about 300 1 
; it -mon i\ Wcm aoout 5 1 to r:bc Jt " 00 ' 

■ riC . (iI - r ,- etf- ioIs are used as chain transfer agents tor poly mor i/ations ol one cr more monomer::- Preferably 'ho 
more monomers include mcnoo'hy'lcnically uns alu rated acids Suitable monocthy lencai y unsat mated acids 
include tore -ample mono-acids di-acids or polyacids and the ac as may be carboxyhc ac ds sulphonic acids phos- 
phonic acids salts or comoinations thereof If used the monocthylemcally unsaturated actds arc preferably selected 
hum one or more of acrylic acid metha^tyhc acid croton c acid, vinylacetic acid rnale c acid maleic anhydude 
1 2 3 6 -let i -it ydiophthaho anhydude 3 6-epuxy-1 2 3 G-tetiahyJrophthaliL; anhydude 5-nu: bomene-2 3-di cai boxy ho 
anhvJne.:- 0k.7c.l0 2 2! O-octene-2 3-dieat boxy he anhydnce 3 irothyl-1 2 G-totrahydrophthalic anr ydnde 2-methvl- 
1 3 o-tet'ah'yd oprittnuk' aiihyunde itaconic acic mesacomc aeid lumni c acid citraconic acid 2-acr /lamido-2-mcth- 
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monomers Sutaolo monc othylenically unsaturated acid-frco monomers inc udo ( C 1 -C 4 jalkyl osiers of acrylic or m^th- 
acryl c acios suri- hs nc ; oyl ar r ylatn ethyl acrylate rutyl acrylate mothy! mother rylain otrn' moth.-m y a" r b :Iy! 
methacrylate and isobutyl methacrylate hydroxys Iky! esters of acrylic or mcthacrylic acids suet" as oyd'O oycthy 
y late hydroxyprcpy acrylate hydro <yothy. methacrylate and oydroxypropy I methaery ale Other moroothy cn c -lly 

^ unsaturated acid-free monomers are acrylamides ano akyl-substilutod acrylamtccs including acryiamide methac:-y- 
iamide M ■t-buty-Hcvlaniae N-mothylacryiamidc and N N-cimethyiacrylamide Othc r examples of m<: r cony cn c,-iiiy 
unsaturated acici-froo monomers include ac rylc-nitri-e methaeryon trilo. allyl alcohol phospnooth yl rreihacy'ato. 2-v 
nylpyndonc. 4-vinylpyndene N-vinvi-pyrroudone N-viny formamicie N-vmylimida/o e vinyl acetate am J s-yronc 'f 
used the monoethy lenically unsaturated acid-froc monomers arc preferably selected horn one or rr ore of othyl acryla'c 

10 butyl acrylate methyl metnacrylate butyl methacryLite isooutyl methacrylate hydrexyethy' acrylate h,ydr c- <ypropy I 
acrylate hydroxyethyl methacrylate acryiamide. methacrylamide N-t-butylacrylam do phesphoothyl mothacrylaie 
vinyl acetate and s:yrenc If used the one or more monoethylemcafly unsaturated acid -'roe monomer, preferably 
represent less than about SO percent by weight of tne total monomer weight, preferably less than about 60 percent by 
weight of the total monomer weight 

} 5 If desired, it is possible to incorporate pclyethylenica'ly unsaturated compounds into the polymerization D oiyet ,_ - 

ylenically unsaturated compounds function as crosslrv-Mng agents and will result in the 'orm.-stion of htgner '-■oiecui-r 
weight polymers 

Preferably the polymers contain at least one amme-suhde terminal moiety resulting f r om the attachment of the 
suifu r group o' the smme-;hicl to the poly me' chain Most preferably, the polymers contain an amine- sulfide ".ermnai 

20 moiely or oxidised sulfide (e g . sulfoxide sul(one) as ihe only pencan. amine moiety in the polymer. I; is ,-\\ ->o preferred 
that the polymers are amine-s jlfide terminated homopolymers. copolymers or tei polyriei s of acrylic; acid or ire *h ac i ylio 
acid and salts thereof. More preferably the polymers of the present invention are amine-sulfide terminated home-pol- 
ymers of acrylic acid or methacrylic acid and salts thereof or copolymers or terpolymers of acrylic acid or mcihacrylic 
acid or salts thereof with each other, maleic acid. ma:eic anhycrido. 1 .2.3.6-tetrzahyd'Ophthaiic anhydride 3/i-epo>y 

2S 1 .2.3.6 -tetrahydrophthalic anhydride. 5 -norbcrncnc-2 3 d carboxyhc anhydride, itaconcacic fumade acid acryiamide 
methacrylamide N-t-butylacrylarmide, N-rrethylacrylamide, N. ^-cimethylacrylamide. 2-acrylamido-2-m>: thylpro- 
panesulfonic acid, methyl acylate. ethyl acrylate. butyl acrylate. methy! methacrylate butyl mothac ry : ate. isobutyl 
methacrylate hydroxyethyl acrylate hydroxypropyl acrylate. hydroxyethyl methacrylate and salts thereo' 

The polymers containing one or more pendant amine groups are prepared by a polymerization process wneh ran 

30 be conducted as a cofeed heel, semi-continuous or continuous process Preferably, the polymerization is rendu :iod 
as a coteed process wherein substantially all of the one: or more monomers, the initiator and the ammo-thol char 
transfer agent are metered ("fed") into a polymerization reactor Preferably, the one or more monoethy Ionic aliy unsatu- 
rated monomers the amine-thiol chain transfer agent and the initiators are introduced into the reaction mature : is 
separate streams winch are fed linearly (i e.. at constant rates) If desired, the streams can be staggered so ! ha: ore 

35 or more of the streams are completed before the others Generally, tne feeds are conducted for from 5 minutes tc 5 
hours, preferably from 30 minutes to 4 hours and most preferably from 1 hour to 3 hours 

When the process of the present invention is run as a heel process, a portion of the one or more monoethy en caly 
unsaturated monomers, the one or more amine-thiol chain transfer agents, and/or a portion of the initiators are in tiaKy 
added to the reactor The remainder of any of these roactants are then fed into the reactor in the same manner as 

^o described above for the cofeed process 

The processes by which the polymers of the present invention are prepared are preferably aqueous processes, 
substantially tree of organic solvents The water may be introduced into the reaction mixture m tially. as a separate 
feed, as the solvent for one or more of the other components of *he reaction mixtu-e or some combination there: 4 
Generally, the polymerizations have a final solids levels in the range of from about 20 percent to about 60 pecent by 

4 $ weight of the reaction mixture, oreferably in the range :>t from aoout 30 to about 70 percent by weight, and most 
preferably from aoout 40 to about 70 percent by weight of the reaction mixture 

The polymerization reaction is conducted at an elevated temperature which will depend on the cnoice of initiate:' 
and target mo^culai weight Generally the temoeralure of the polymerization is up to the boiling point of the mixtu'O 
although the polymerization can be conducted undei pressure if I igl er temperatures a;e used. The reactioi can be 

50 conducted under any suitable atmosphere such as for example, air. nitrogen or inert gas F refeo-ibly the temperatuo: 
of the polymerization is from about 25 to about 1 1 0 D C and most preferably from about 40 to about 105 C I- 

Suitable initiators for prepar ng tne polymers are any convent onal water -soluble initiates One class of suitable 
initiators arc t'rcc-radical initiators such as hydrogen peroxide certain alkyl Hydroperoxides, diall-yl peroxides pcrss 
fates, peresters. percarborates. ketone peroxides and azo initiators Soecific examples o' suitable free-radical initiates 

55 include hydrogen peroxide, t-butyl hydroperoxide d -t-buty: peroxide ammonium pcrsulfate potassium po'sulfaie 
sodium persuh'ate t-amyl hydroperoxide, methy ethyl ketone peroxide. 2 2'-azobis(2-amidinopropane) 2 2'-a/obis(N 
N'-dimethyleneisobutyram dine) dihydrochlonde 2 2'-azobis(?-amioinopropano) d. hydrochloride and 4 4'-aznhis 
(4-eyanopentanoic acid) The free-radical initiators are typically used in amounts of from about 1 percent to- about 50 
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percent nnsoc: or tno total monomer weight 

W- .tei soluble redox initiators may alf,n bo used Those m,;i^nrs include but are not limrod to sodium bisult,!e 
sodium -unto hypophosph.tes hydroxy! amine sulfate isoascorb.c acid soc.um tormaldchydc-sulfoxylatc and the 
like used with suitable oxidi/ng agents such as the lhcm.il initiators noted above The redex initiators are :ypca ly 
used in .mounts ot iron aoout 0 05 percent :o about 10 percent based on the weight cf total monomer 

The pH ot tno polymc-i/mq mcnomoi m <ture is pietcrably highly acidic especially when jsmc cysteine or ami- 
noethanc thiol as the ch-nr. transfer agent -or example wher cysteine is used as the chain transfer agent the preferred 
P H is below about 4 0 and most pre-erably below about 2 G Other amine-thiol chain transfer agcrts are less sensitive 
to ph and are preferably used at a pH oebw about 6 The pH of the polymerizing monomer rmxtue can be controlled 
by a bufer system or by the adoitior of a suitable acid or base The preferred pH o' the polymerizing monomer mixture 
may -ilso be selected to suit tne choice of anv redox couple used as an initiator 

The pclymeri/mg monomer mixture is preferably substantially free ot any metal ions The addition, of metal ions 
to the polymerizing monomer mixture adds to the cost of the process may necessitate a separation or purification 
stno may discolour the product, and introduces contaminants 

The process of preparing the polymers generally results in good conversion of the monomers into polymer product 
However if residual monomer levels in the polymer mixture aie uncesirably high tor a particular application their levels 
can be reduced by any ot several techniques 

One common method tor reducing the level of residua, monomer in a polymer mixture is post-polymen/ation ad- 
di;ior of one or more initiators or reducing agents which can assis; scavenging of unreactcd monomer 

Preferably, any posl-polymen/ation additions of initials or reducing agents are conducted at or below the polym 
en/ation tornpeiatuio The irnt.atoi s and r educn ,g agents suitable for reducing the fesidual monomer content of polymer 
mixtures are well known to those skilled in the art Generally, any of the initiators suitable for the polymerization are 
also suitable for reducing the residual monomer content of tne polymer mixture 

The level of mit ators or -educing agents added as a means for reducing the residual monomer content of the 
polymer mixture should be as low as possible to minimize contamination of the product Generally the level of initiator 
or reducing agent added to reduce the residual monomer content of the polymer mixture is in the range of from about 
0 1 to about 2.0 and preferably from about 0 5 to about 1 0 mole percent based on the total amount of polymen/able 
inonomc r 

Tno po | yrrws are water-soluble The water-soiubility is affected by tne molecular weignt of the polymers and the 
relative amounts, and the hydr ophilicity of tne monomer components incorporated into the polymer Generally, the 
weight average molecular weights .;M W > cf the polymers are up to about 50.000 preferably from about 500 to about 
25.000 and most preferably from about 1 .000 to about 1 5,000 

Aminc-reactive detectable laoeis are compounds which are capable of attacning to the one or more pendant amines 
which are present on the polymer, and which, when thus attached are detectable by fluorimetnc or colorimetnc teen- 
niques Preferred amme-reactive de;ectablc labels suitable for the present invention include 1 -(dimethylamino)-5-naph- 
thalenesulfomc acid fcansyr). dansyl halidcs sucn as dansyl chloride 4-dimethylamir.oa/obenzene-4-sulfonic acid 
("dabsyl") dabsyl chloride, 3-benzoylquinoline-2-carbDxaldehyde. 3- ( 4-carboxybenzoyl)quinolme-2-carboxaldehyde. 
3-(2-'urfoyl)quinohne-2-carboxaldehyde. 2.4 6-trmitroben/cne sulfonic acid. 2 4-dmitrofluorobcnzcne (Sanger's rea- 
gent) and ninhydrm 

The most preferrec amme-reactive laoeis a-e dansyl ch onde which has the 'ollowing structure 
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Example 1 

JO To a 300-miNilitor 4-neck flask equipped with a mechanical stirrer reflux condenser thermometer and inlets for 

the gracuH; acdition of monomer and initiator solution was added 75 0 grams of ceicni/eJ water The ccntorv.s o- the 
flask were stirred and heated :o 92° C 'hen 0 20 g-ams of 2. 2'-a/obis- 2-amidinopropane dihydroehloride was added 
to the flask An initiator solution of 0 50 crams of 2 2'-azobis(2-amid nooropane) dihydTonlonde and 20 0 grams of 
dcionizod viator was prepared A chain transfer agent soluticn cf 5 60 grams of cysteine 5 4 q H 2 S0 4 and 40 0 g ams 

^ of deionized water was prepared The chain trans'er agent so utior initiator solution and 100 CO g of glacial acrylic 
acid were then tod into tne flask linearly and separately while stirring over two hours Once the additions wore complete 
the system was kep 1 at 90-92° C for 30 minutes The system was then cooled to room tomoeraturo The data appear 
in Table I below The pH o f the final mixture was 1 i 

20 Example 2 

The procedure of Examp e 1 was repeated The data appear in Table I below 
Example 3 

The procedure cf Example 1 was repeated except that nitrogen was bubbled through tne reaction mixture thro jqn- 
out the course of the polymerization The data appear in Table I below 

Example 4 

30 

The procedure of Example 1 was repeated except that the levels of 2.2'-azooisi 2 amidmopropane ) d hydrochlor-do 
were doubled The data appear in Table I below. 

Example 5 

To a 300-milhhter. 4-neck flask equipped with a mechancal stirrer reflux condenser thermometer, ana inlets for 
the gracual addit on of monomer and initiator solution was added 75 00 grams o f deionized water 0 17 grams cf 50 
percent by weight aqueous sodium nydroxide and 0 1 5 grams cf 4.4'- azc bis/ 4^cy an open ta note acid; Tne con ten's of 
the flask were stirred and heated to 92 3 C. An initiator solution of 0 50 grams of 4 4'-azobis(4-cyanopentanoic acici 

~w 0 36 grams of 50 percent by weight aqueous sodium hydroxide and 20 0 grams of deioni/ed water was prepared A 
chain transfer agent solution of 26 4 grams of glutathione. 6 70 grams of 50 percent by weight aqueous sodium hy- 
droxide and 100 0 grams of deionized water was orepared The chain transfer agent solution initiator solution and 
100 00 g of glacial acrylic acid were 'hen fed into the flask linearly and separately while stirring over two hours Once 
the additions were complete, the system was kept at 90-92° C for 4C m nutes The system was then cooled to room 

^ temperature ^he data appear in Table I below The pH of the final mixture was 3.0 

Example 6 

The same pioceduie as Example 5 was followed except to the flask was initially added 65 00 grams of deioni/ed 
5 o water. 0 22 grams of 50 percent by weight aqueous sodium hydroxide and 0 1 5 grams of 4.4 -a/ob s( 4-cyanopentanoic 
acid), the initiator solution was 0 45 grams of 4 4'-azobis(4-cyanopontanoic acid) 0 40 crams of 50 percent bv weight 
agueous sodium hydroxide and 20 0 grams of deionized water the chain transfer agent solution was 35 4 crams of 
glutathione 0 0 grams of 50 percent by weight aqueous sodium hydro*: dc and 100 0 crams of deionized water was 
prepared tne monomer was 90 0 g'ams of acrylic acid 

Example 7 

A similar procedure as Fxample 5 was followed except that glutathione was usee in an amount to provide a molar 
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to aietaimone ot eboJt 30 



Example 8 

To a 1 -liter 4-nocK fl.sk cqu.poed with a mechanical stirrer reflux cendensor ther mom eter anc m ots for the 
r Uti ,iu „ addition of monomer and initiator solut on was added 120 grams of deioni/ed water which was stirrcc and 
oeated to <-^C ~o the flask was added a solution of 0 2 grams ot 50 percent by weight aqueous sodum hydroxide 
o"i 3 g r am. ot 4 4' -a/ob ,sr 4 -cyan opentanoic acid, and 5 0 grams of ae,oni/cd water An initiator solution of 1 0 g-ams 
~. oi 4 .•-a/Qbisi4-cyanopontanoic acid) 0 62 grams of 50 percent oy we gh: agueous sodium hydroxide and 30 0 
gvms ot deioni/ed water was prepared A ena.n transfer agent solution of 1 5 1 crams of N-a:yl cysteine 6 0 g-ams 
ot -0 percent by weight aqueous socium hydr oxide and 50 0 grams of oeioni/ed water was prepared The chain transfer 
.gent solution imtiator solution and 200 00 g of glacial aery he acid were then fed into the flask linearly and separately 
while stirring cvei two horns Once die additions were complete the system was kept at 9C-92°C for 3C minutes The 
system was then cooled to room tempera;u:e The data appear m Table I below 

Example 9 

The p.occdirc of Examp iG 6 was allowed except to the flask was initially added 125 grams of deioni/ed water 
who;'; heated to 92 a C was added 4 solution of 0.3 grams of 50 percent by weight aqueous sodium hydroxide 0 2 g^ams 
of 4 4'-a/obis(4-cyan jperhanoic: acid) and 5 0 grams ol deioni/ed water and ihu chain transfer agent solution was 
30 2 grams of N-acyi e/Meme 12 0 giamb W. 50 percent by weight aqueous sodium hydroxide and 100 0 grams of 
do ion i /ed watei The data appear in Table I below 

Example 10 

The procedure ot Example 1 was repeated except: the initiator solution was 0 30 grams of 2.2'-azobis{2-amidmo- 
pfopanc, aihyd.cchbr.de and 20 0 grams o' deioni/ed water the chain transfer agent solution was 5 25 grams of 
am m oe thane thiol and 30 0 grams of deicm/ed water 

Example 11 

To a 300 milliliter 4-neck flask equipped with a mechanical stirrer, reflux condenser, thermometer and inlets for 
, nc ^acua addit on of mcnome- and initiator solution was adaed 65 00 grams of deiorwed water which was stirred 
and heatec to 91 3 C To the flask was added 0 1 grams of 4 4'-a/cbis(4-cyanopentanoic acid An initiator solution ot 
0 90 grams of 4 - -a/obts( 4-cyanopentanoic acid) anc 30 0 grams of deiom/ed water was prepared A chain transfer 
agent solution of 16 8 crams ol cysteine, 5 3 grams of sulfuric acid and 55 5 grams of deionized water was prepared 
The chain tiansfer agent solution, initiator solution and 100 00 g of glacial acrylic acid were then fed mto the flask 
ImcaMy anc separately whnc stirring over two hours Once the additions were complete, the system was kept at 90-92°C 
for 30 minutes Tne system was then cooled to room temperature The data appear ,n Table I below 



Example V* 



L A i 



L . ii y vrJ £, 'snowed except the mtialoi solution was 0 30 grams of 4 4' -a/ob is ■ 4 -cyan - 
..jciu, ,,u u g',::r ot de on /cd water the chain :ranstor solution was 5 c grams of cy.te ne 2 1 cram^ 
j.jkj i'.;l 30 0 :jr, in s C> do ionize* J water 



Example 13 



Lxariiple 11 was fJioWud except the nitiatui solution Was 0 40 grams of 4 4'-a/obib'4asyaM 
: ; ' ! ammo of doon/ed v\ater the chain wansfer solution was 5 0 grams of cyst one 5 4 qam: 
0 aran s ol dOiOni/ed walci 



gran-, ot doior.i/o:] -atei Was prepared A chain Ira 
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agent solution of 14 0 grams of cysteine 0 70 grams of 50 percent oy weigh: aqueous sodium hydroxide and °0 0 
grams r.t rieiom/rd wa'er whs prepared The onain transfer agent solution initintor snnt on and 100 CO g of q aoia : 
acrylc acid were then fed into the flask liroa'ly and separately while stir in g over 2 5 hours Once the additions wee 
complete the system whs kcot at c 0 °2 0 for 20 minutes A final sounon of 0 3 gram": o f sodium oersulfatc and 20 
grams of deioni/ed water was acded to -task After 20 minutes the system was then coo Ice to room 'emoerature Tee- 
data appear in Table I below The ph of the final mixture was 2 2 It is believed tnat the relatively high mcieculai woiqnt 
of this product is a -osjlt of the amine -thiol reacting with h~ e pcrselfv.c thereby reiJuonj, the amount of per sulfate 
capaole of functioning as an initiator 

Example 15 

The procedure of Example 14 was followed except to tne f as-^ was mi tally added '50 grams of dei:;:ni/c:J water 
when heated to 92°C 0 20 grams of 2.2 , -a/obis(2-amidinoi; ropane ;■ d'hydrochlor dc was added the initiator solution 
was J 05 grams of 2 2'-a/oois(2-amidinopropane) d hydrocn oride and 00 0 grams of doioni/ed water the chain trarstor 
agent solution was 22 5 grams of cystc ne 125 grams of 50 percent by weight aqueous sodium hydro <icc and 50 0 
grams of deioni/od water; 200 00 g of glacia acrylic acid we re used the solutions were fed into the flask li nearly and 
separately while stirring over two hours no attempt was made to reduce the residual monomer levels the pH ot the 
final mixture was 3 9 

The data appeannc Table I are the weight average molecular wcicn: ■ "rVL 0 and n jrr.ee r average molecular weicnt 
i"M n ") as measured by aqueous gel permeation chromatography usng h ^ SCO M v _ pc-.y(acryhe acid) standard The 
chair tiansfer agent O'CTA") and the molar "Ratio" of the rnonornei to tne amir e-tnic>l aie also listed 



TABLE I 



Exam Die 


CTA 


M , 




Ratio 


1 


Cys 


4500 




30 1 




cys 


4720 


3?-:-.: 


30 1 




Cys 


44,-0 


36~0 


30:1 


4 


Cys 


4£70 


oss: 


30 1 




Glu 


51 30 


4 1 i : 


1 


0 


Glu 


3t : 0 




10 1 


7 


Glu 


5000 


4&30 


30:1 




N-Ac 


5000 


40 3C 


30 1 


G 


N-Ac 


3900 


33 1C 


1 5 1 


to 


AET 


4700 


3060 


30 1 


11 


Cys 


2570 


2300 


10 1 


12 


Cys 


7490 


51 rC 


3d 1 


13 


Cys 


4790 


394C 


30:1 


14 


Cys 


9 1 700 


49960 


30 1 


15 


C.ys 


13200 


7Q0C 


1 5 1 



ATTACHMENT OF DETECTABLE LABEL TO POLYMERS 

Darsy! chloride was attached to amme-contammg polymers in the 4 cllowmg manne- Folymcr solutions wee pre- 
pared by dissolvm in an amber vial, approximately 5 mi! ilitem of polymer in 1 00 milNitcrs of ceicni/ed water T ho pH 
of the polymer solutions was adjusted to 9 0-9.5 with 1 molar (M) aqueous sod; urn carbonate To the polymer solution 
was added a dansyl chloride solution (10 milligrams dansy! chlonce dissolved in 10 mill liters of acetone) to a level of 
200 microliters of dansyl chloride solution per 10 milliliters of polymc soluhon The mixture was placcc on a sample 
shaker or roller for 2-4 hours at room temoerature 

Dabsyl ehioi ide was attached toaminc-ccntaininq polymers in tho following manner I he pH of the polvmer samples 
was adjusted to 9 0-9 5 with 1 M aqueous sodium carbonate An equal volume of dabsyl chloride so ution (3 3 milligrams 
dabsyl chloride dissolved n 1 milliliter of acetone) was added :o the polymer solution The mixture wa= placed o^ a 
sample shake or rcder for 2-4 hours at room temperature 

After [he aetec table labels were attached to the pendant amine groups of the polymers, the polymer samples were 
dialyzcc to remove any excess (unbound) label and label whicn might have attached to residual amine-thiol (if any) 
The samples were dtalyzed va ultrafiltration using membranes with a cutoff of 1 COO M. 



8 
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The labelled poyir ors wore cicloctoc by fluonmctnc methods using a SPEX Industries in-: Fluoroloq 2 series 
sperrnflunrometer using i ighl -angle doloction Fluorescence whs measured by photon counting nnri is reported hs 
conn's pei second heps". Samples were placed in a ' centimeter by 1 centimeter by 4 centimeter quart/ cuvette and 
were subjected to nil excitation source (xenon lamp, of radiation having a wavelencth of 335 nanometers The fluo- 
rescence repeated ir Tnbie II eelow is the emission fluorescence measured at 560 nanometers 



TABLE 



Sample 


Concentration (pom) 


Fluorescence 


Example 7* 


6700 


0 42* 


Example 7 


1 4000 


2 3-0 500 




540 


165 940 




20 


6 533 




1 


470 


Example 1 


5C00 


336130 




500 


45 912 




50 


4,35? 




30 


2.915 




20 


2 156 




10 


1132 




1 


180 


Example 1 0 


30 


7135 



- sarr.ple wa: nol danGylated 
Ab^ofbaiicv at 254 n uiofricter 



USE OF THE POLYMERS AS WATER-TREATMENT ADDITIVES 

Polymers conta.nirg pendant amine functionality were evaluated as water-treatment acditives in the following 
manner 

A kaolin suspension was prepared by adding tc a clean dry mixing cup (a) 433 milliliters of water having 200 ppm 
of CaCh as O.CCV and (b) 0 43 grams of Hydrite U~ kaolin The suspension was mixed on a m jltimixer for * 0 minutes 
The suspension whs transferred to a clean dry glass jar and the pH o ; the suspension was adjusted to 8 0 with 0 05N 
sodium nydroxidc while strung The suspension was tnen divided nto 100 milliliter samples To a 100 rriliil ter sample 
was added either (a) 0 2 milliliters of a 25 percent by weigh! aqueous polymer solu:ion to form a kaolin suspension 
containing 5 0 ppm polymer polymer or (b) 0 4 milliliters of a 25 percent by weight aqueous polymer solution to form 
a kaolin suspension conta ntnq 10 0 ppm polymer polymer 

Table HI beicw the bottom tw ; o entries w-7 ana -3 i are comparative examples of poymers wr.hout pendant amine 
:_c,j:ion i.'ty r-vqher v.iiues tor dispersancy signify oetter pedcrmanco 



TABLE !T 



SAMF . 




Mi', 


VI n 


o 1 A 


Kaohn 


Dispor saiK 














5 ppm 


10 ppm 


20 ppm 


1 - PA A 


" 5 


5 130 


4160 


gl Jtathione 


97 


120 


262 


:: pa a 


■Q 


3~ 10 


325 3 


qljtatmone 


120 




2 30 


5 F'AA 




_' 5 7 u 
1 r >'< 




cysteine 




1 70 


i 54 
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TABLE III (continued) 



SAMPLE 


DP 


Mw 


Vin 


CTA 


Kaolin Dispcrsancy :NTU) 












5 ppm 


10 p.pm 


20 ppm 


7 - PMa * 




1000 






45 




50 


S - PBTO* 




270 






27 




50 



- comp uat .'C carrioles 
note DP - mo Is of monomer mole of CTA 
PA A :- poly{- : )-:ryfic acid) 

Sample 7 --. telclene 20C a poly; m.^etc acio 

Sample £ = Bay ha bit AM. 2-phosphcnobu tane- 1 2 4- tnca rb r xy he acid available from Moba,' Chem cal 



The results above show that the polymers containing pendant am:ne functionality performed as well as those 
without 

C:alcium Carbonate ;CaCO-Q Anti-procipitation Tes: 
Three stock solutions we r e prepared as follows: 

1 Alkalinity solution T 14 g r ams NaHC0 3 and 1 35 grams Na 2 C0 3 were added to a volumetric flask and wo-o 
diluted to a total volume of 2 0C liters with deionized water 

2 Hardness solution 3 74 grams of CaCI 2 -2H 2 0 and 1 .53 grams of MgS0 4 were added to a volumetric flask and 
were diluted :o a total volume of 2.00 liters To this solution was added 5 drops of 2N HCI 

3 Polymer or Phosphonate solutions: A polymer sample (cr 2-phosphonobutane-1 .2.4-tncamoxylic acid) was di- 
luted to 0.1 percent by weight solids with deionized water ^nd the pH was adjusted to 5 3-6.0 with 1 pexent by 
weight aqueous NaOH. 

From the three stock solutions above were orepared 

1 A control solution of 50 milliliters (mis) of alkalinity solution and 50 mis of hardness solution 

2 A 1C0 u o inhibited solution of 50 mis of hardness solution and 50 mis of deioni/ec water 

3 A test solution of 50 mis of alkalinity solution. 50 mis of hardness solution anc 0 7 mis of polymer solu:ior 

Into separate glass jars were added the control soution. the 1 00° o in nib: ted solution and the test solution The jars 
were placed in a constant temperature water bath set at 54°C and allowed to stand for 20 hours The jar was then 
removed from the water bath and the contents were immediately filtered tnrough a 0 22 micron filter tnto another clean, 
dry jar 40 0 grams of the filtered solution. 0.5 mis of 0.05N HCI ard 0 1 grams of Calgon brand certified calcium 
indicating powder (catalog #R-5293) were added to an Ehrlcnmcyer flask and titrated with Calgon brand certified 
hardness titrating solution 20 (catalog The percent CaCQ^ inhibition was calculatec as follows where each 

of the values is the number of milliters of titrating solution needed to reach the endpoint against the other solutions 

n r* r-r^ i i *■ , ^ (tost sol ution ) - ( cont toI sol ut ion ) 

°o CaCO^ inhibition ^ 100 x 



1 100 °o inhibited solution i - (control solution) 

The C aCO : . inhibition prooerty of the polymer was measured in th s mannc and the data appear in Table IV below 
as the average of two results 

The data in Table IV (higher numbers for inhibition equate to superior performance) show that the polymers of the 
present invention are useful water treatmen T additives and are effect ve for inhibiting calcium ca r bonate formation in 
an aqueous system 

TABLE IV 



SAMPLE 


Composition 


Mw 


° (J CaC0 3 Inhibition Avq cf 2 values 




FAA - bisulfite 


2000 


GG 0 



10 
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TABLE IV icofV.inucd, 



SAIVPLE 


Composition 


Mw 


l \ ; CaCO-, Inhibition Avg cl 2 values 


5 


FAA - bisulfite 


2000 


/6 9* 


6 


FAA - bisulfite 


45UU 


T 1 O 

1 1 U 




PMal 


1000 


75 2 




FMrl 


1000 


6 Q 9 




FM^I 


1 (J -JO 


72 7 




FBTC 


270 


68 r 




FBTC 


: ' ro 






FAA - clutath one 


e : 30 


73 6 


1 0 


FAA- cysteine 


5960 


76 3 



A-. -:- r .iqc o' 4 values 
PAA poly (aery he acid * 

S;-,ni|1o 7 _ Belclenc 200 a poly(maleic acid) 

Smnpk c Bayhabit AM 2-pnoophonobutane I.: 4-!ricarboxylic acid available l r om Mooay Chemical 



Barium su I pi into BnSO j i Anti-pi ecpitaticn Test 
1 he following solul ons were made up 

1 Inhibitor solution 1% polymer solu:ion in 50 ml water, neutralized to pH 6 1 it necessary 

2 Acetate buffc ^oiution 13 5 y acetic acid plus 04 y sodium acetate-3H 2 0 plus watei to 250 ml 

3 





"North Sea" stock solution 


"Formation" stock solution 


Ca<:io-2hOO 


3 14g 


7 78g 


Mg0l 2 -6H 2 O 


22 67 


1 92 


KCI 


1 75 


G 98 


NaOi 


47 91 


142 36 


Nan ZO-. 


0 342 




Na 2 b0 4 


/ 




SrC :: -6H 2 0 (1 u o) 


4 50 




SrC 2 -6H 2 0 (10 tJ «) 




6 7 


BaCI 2 -2H 2 0 (10 u o) 




37 56 



The above solutions wcic each made up in 2 I ties o'' polished do ionised water 
Sampler so tested were made up in jars as follows 



0 65 ml inhibitor solution 

1 ml sod um acetate buffer solution 
60 ml "Format ion" water 

: 1 r ; . "N' . 'I' : 3 " Water 
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Results are shown in Table V bo low Tho loss schIo col loo loo tho boiler the por (or mn nee of mo polvmor ,i r - ,in 
inn lb lor Tho rosults show that Iho nnlym-^ treated accord nq to tho priori! invention f-:nrtnn as well ,a-. thr--e n~! 
containing :hc label 



TABLE V 



S.am plo 


Composit on 


Mw 


mo schIo 


No Fclymc-r 






124 1 


1 


^AA-gl jtathio 


5 : 30 




4 


^AA-cystcmc 


47^0 


r o* 


rj 


PAA-bisult 


4 50- J 


'4 0 


1 J 


D AA-cystomc 


5 : j60 


- o ,-■ * 


1 1 


PAA-bisulf 


2700 


26 7 




PAA-bisulf 


5300 


7 L' 


1 3 


FAA-bisulf 


7400 


1 * 0 


14 


PAA-gl utathio 


6^70 


-5 iv 


1.S 


F'FTPMP 


S73 


5 4 


1 r, 


-AA-hypochosph 


3 JOC 1 


29 ( 



' Note angle data pom- 

Sarrpk 16 request 2360 diethylenelnarnine pertafraethylcre phosphoric acid, available from Uoncarto Corp 
Sam pk 16 - Bellasol S40 a phospun :>:arbo> yhc acid available frsm ~MC Cere. 



Claims 

1. Polymer capable of detection by colorimetnc or fluonmetnc techniques comprising at least one moiety containing 
a pendant amine grouo to wmch is attached an amine-reactive detectable label 

2. A method for detecting a polymer in an aqueous system by the add i: ion and subsequent detection of an a mi no - 
reactive label \r which the polymer is provided with a pendant amine grouo to wmch the label can be added and 
toe addition anci detection of the labe is effected on a samole removed from the system 

3. Polymer cr method according to claim 1 or 2 wherein the moiety containnc the pendant amine group is a terminal 
moiety 

4. Polyer or method according to claim 1 2 or 3 wherein the amine-reactive detectable label comprises 1-(d methyl- 
am in e)-5-naph thai en osulfonic acid ("dansyH dansyl chloride 4-cimethyiaminoa/oben/ere-4-sulfonic ac td ( ' dab- 
syl"i. dabsyl chloride 3-ben/oylguinol:ne-2-carboxaidehydc. 3-(4-carbo<ybenzoyl)quinolinc-3-carboxa denyde 3- 
(2-furfoyl)guinolme-2 carboxaldehyde 2.4 6-trmitroben/ene sulfonic acid. 2.4-dmitroflLorobon/ene or mrhydrm 

5. Polymer or method according to claim V 2 or 3 wherein the moiety containing the pendant amire group is an 
amine-sulfide moiety the amino portion of which is preferably a primary amine 

6. Polymer cr method according to claim 5 wherein the amine -sulfide moiety derives from an amine-th ol whi:h com- 
prises an amine* actd containing one or more amines and one or more thiols, a cenvatvo peptide or polypeptide 
of an amino acid containing one or more amines and one or more thiols a derivative pept do or polypeptide of an 
amino acid containing one or more thiols and one or more protected amines wherein the protecting group is capable 
of being lemoved oi an ammoalkyl thiol 

7. Pclymer cr mehod according tc claim 6 wherein the amino-thiol comprises cyste no glutathione N-acyl cysteine 
amnoethane thiol N hutylaminocthanethiol N N dicthylaminocthanethiol or h salt theeof 

8. Pclymer or mot hoc acceding to any preceding claim wherein the molar r atio of moiety containing the pendant 
amine grcup to other monomer in the polymer pnor to attachment of the label is from " 3 to 1 330 prefcably 
f f om 1 5 to 1 1 03 

9. Polymer or method according to any p re ceo in g claim further oomn rising as polymen/od units monoethy on ca'ly 
unsaturated acid selected from one or more of acrylic ac d methacryhc acid colonic acid vinylacctic acic maleic 



12 
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Mi - : ,-,nhyanc:o 1 L 3 6-totr r.\ ;ydrooh:halic .-.nhydnde- 36-e-poxy-1 2 3 6 -totrahydr ophthahc anhydride 

Snornurn^no-? 3-dic,-:i boxy ir nnfydr icir- bioyelo[2 ? 2j-5-ortcnc^2 3-dicamoxy he anhydride 3-mnthyi-1 2 fi-tr-t- 
:ihyaroprih.:li^ arnydride 2-metnyM 3 6-tetr^tiy cjrophthalic anhycndo itaconi: acid mesaccmc acid fumauc 
nc.c.: c\Uncor\c acid 2-acrylamido-2-nenytoiopanesulionic acid allvls ultomc ac d allylphosphomc ncd allyloxy- 
ben/enosjltcmc acid 2-hydroxy-3-i2-pfopcnyloxy i-proparesulfcnie acid iscpr openy!sul:on c rt cic isopioponyl- 
pbc phonic ,inc vmylphosphomc ncid styr onesuifomc acid vinylsulfcmc acid and :ho alkali metal Of ammonium 
-cills ti erect 

10. Polymer cr method according to any piececmc claim further comprising as polymc i/c-d units nonocthy on ca ly 
unsaturated acid-troc monomer selectee from one or more of ethyl acrylate butyl acrylate netnyl methacrylate 
butyl methacrylate isobutyl methacrylate hydroxyethyl acrylatc hydroxyprooyl acylate hydroxycthyl methacr- 
ylale aerylamide metnacry lamidc N-t-butylacryldmide phosphcethyl mcthacry ate vmy acetate anc styrcoe 

11. A method according to any of claims 2 to 10 comprising 

a) prior to addr.ior to the aqueous system reacting the polymer so that it comprises at leas: one moiety con- 
taining a pendan: amine group 

rip removing a sample of the aqueous system containing the polymer and adding a aetectable label reactive 
with aminos 

mii.i maintaining the sample under such conditions that the acueciauie iabui ruauib with iitu- pendant amine 
group to become attached to the polymei and 
(iv) detecting the label 

12. The use to provide colonmotric or fleonmetric detectability to a polymer of a pendant amine group to provide a 
point of attachment for an amine reactive label 

13. Use according to claim 12 in a method according to any of claims 2 to 11 
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